Channel Equalization System And Method 



Inventors: Francois Trans and Tho Le-Ngoc 
I. Related Applications 
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application serial number 60/1 70,455, filed on 12/1 3/99, attorney reference 4630. 
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filed on 1 1/19/99, attorney reference 4571; which is a continuation-in-part of U.S. Patent 
application number 09/41 7, 528, filed on 10/1 3/99, attorney reference 4511; which is a 
continuation-in-part of U.S. provisional application number 60/104,316, filed on 10/13/98, 
attorney reference 3659; and which is a continuation-in-part of U.S. provisional application 
number 60/109,340, filed on 1 1/20/98, attorney reference 3697. 

This application is also a continuation-in-part of U.S. patent provisional number 60/129,314, 
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filed on 07/31/98, attorney reference 3476 which is a continuation-in-part of U.S. provisional 
application number 60/089,526, filed on 06/15/98, attorney reference 3480; and which is also 
a continuation-in-part of U.S. provisional application number 60/085,605, filed on 05/15/98, 
attorney reference 3432; and which is also a continuation-in-part of U.S. provisional 
application number 60/054,41 5, filed on 07/31/97, attorney reference 2961; and which is also 
a continuation-in-part of U.S. provisional application number 60/054,406, filed on 07/31/97, 
attorney reference 2960. 
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Static Position Error or Jitter is caused by ft. error associated with the sign*, sampbng 
oley or ft, pmxunUy o, fte ft*, pulse to fte optimum sampling poi* or to the e <er 
72* e To suppress toji— . ft. Com2000~ vision Samp** - a combtnanon of 

, circuit 330, 343 as shown it, Fig.56) and Precision Sampling system, for pUcmg the 
sampling wifl,ta a SpeCif " 5d ,0 ' enmCe ° f Cento 

^perfectly timed sampling has fte similar effect of increasing AWGN noise as far as the 
imp y . , Tk.ro»a000~ Post Equalizer signal delivers a clean and 

demodulator SNR is concerned. The ConuOOO rostcq . ,„„*,„,, 

a:^ with a stanal demodulator precision sampling window for a Non- 

o wide-open eye diagram, witn a signal u^iiv r 

Linear EsthLr such as a multi-leve, Quantiser M-PAM or M-QAM Demodula, < ,4 

L™-.w-'».^ tec -^-^" ,, " w,, ** F " 

existing N Mbaud symbol rate. 
, 5 UniNe. Burst Switching (Fas. Circuit Switching) TDD Examples: 

Fo, sunpUcity, i, is desired to have N e,ua,-si*e time-slots (TS) in one TDMA-frame as 

shown in Figure 5 8 below. 

The frame can he tamer divided into two sections; do_ (from Reference Node *N 
20 to other regular Nodes) and Upsh-eam (from regular Nodes to KN> as shown m Figure^ 
Note ft- the boundary between 2 sections is movable and can be changed »- »^ 
anofter by the RN based on fte DCA. The EMPTY ZONE occupies a number of Time-Slots 

Node. The reason for ftis zone will be explained later in Section 5 on Rangtng. The TOMA 
25 fmme stntcture discussed in Figure 59 is actually a TDMA/TDD (Time Division Duplexing) 
centre. The downstream is for point to multiple points whUe fte upsh^m ts for mulfple 

noints to point. 

LchTScanaccommodateoneburst^dabursteon.insftepre-ambleandcel, as shown ,n 
Figure 60 below. Figure oO only illustna.es an example for discussion, We win need more 
negations to design fte detailed sm.cti.res of fte Burst and Ce.V . The pre-amble cons,sts 
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. G- guard time (i.e., no Tx, idle) to avoid overlapping of two consecutive bursts (Its length 
is therefore derived to cover the -quantization" error in ranging as discussed later), 

. uw unique word to identify the beginning of the burst The UW of the reference node (to 
be discussed later) is used by the Rx Framer to identify the frame marker, and 

■ T: training pattern to adjust the frequency (if sent by the reference node) or to adjust the 
phase/tirning (if sent by a regular node). 

The cell contains a header (H) and a payload. 

The K time-slots, TS#1 to TS#N, are shared by all nodes. The transmission in a partcular TS 

c o _ -rtr^Af mm For redundancy, there is also a secondary 
is coordinated by the primary reference node (RN). l-or reaunuau y , 

RN selected. The secondary RN becomes the active RN only when the primary RN faris. 
Sampling Delay or Propagation delay measurements (CPR) 

Consider the time at which the Reference Node sends its reference burst in TS#0 of the 
TDMA Frame. Let denote this time reference at the beginning of the TS#0 (called Frame 
Marker) as tK). With respect to this time reference, a regular Node #A will receive tins 
Frame Marker at rt» where Tra denotes the time distance between the Reference Node and 
Node #A, including the processing time. This is the Rx Frame Marker of Node #A. Let 

, T ~ where T . is the time interval of a time-slot. It becomes clear that 
assume 2Tra <Ttimesioi where i tim esiot ls U1C ""^ 

in order for the RN receives the burst sent from Node #A at time t=T rimeslot (i.e. right m the 
next time-slot), the Node #A must send its burst at time t=T tim «,ot - Tra- For a simple 
derivation, this time is also t=T RA+ D A where D A = - 2 Tra . In other words, the Node 

#A has to wait for D A after receiving the Frame Marker (i.e., "time" position of Rx Frame 
Marker). Therefore, the time, WT^a-T*-*. denotes the Tx Frame Marker of the Node 
#A. The time relationship described above is shown in Figure 61 below. 

As discussed above, to establish the Tx Frame Marker, Node #A needs only one parameter 
Da- For this the RN has to perform ranging during the initialization or re-configurabon for a 
newly entering Node #A in the following sequence. 
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(a) RN sends a request in us Reference Bnrst to ask Node A to transrm. a probtng burst. Of 
course the RN does no. know the W distance between itse.f and Node A and we do no, 
wan. that the probing bur,, of Node A coffides an active burs, of another Node or of the RN. 
To avoid common with the bursts originated from -he Reference Node, as shown by F.gure 
59 no Node is allowed to send its burst before completely receiving the end of the 
dovvnstream section. This is the reason for fb. EMPTY ZONEin Figure 59. TM. n» appeal 
,„ he equivalent to 2T™, where is the longest -time" distance between the RN and a 
regular Node 

To avoid collision with the bursts from other nodes, the RN can keep the first time-slot after 
the EMPTY ZONE to assign it to the newly entering Node A to send its Probing burst. 

(b) Node A has to establish the Rx Frame Marker in order to receive the cells. It then moves 
the command from the RN and prepares to send its probing burst. For this, the Node A waits 

. ^^w^iv received and sets up the tentative Tx Frame 
for the end of the downstream section completely received ana v 

Marker, and then sends its Probing burst. 

(c) Reference Node waits for the UW of the probing burst from Node A. When the UW is 
detected, the RN measure the distance in time between the received UW and time-slot marker 
to derive D A . Subsequently, the RN will send the. value D A to the Node A and ask Node A to 
adjust and re-send the probing burst 

Normally, it must be correct in the second time. However, we need to allow for a few more 
times . Also note that this should be done without interruption of the network operation. 

The Tx Framer receives the Rx Frame Marker and Rx Frame Sync status signals from the Rx 
Framer It also receives the Tx allocated time-slot numbers from the Dynamic Capacity 
Allocation block. From these inputs, the Tx Framer generates the gating signals to control the 
transmission of the Burst-Mode Modulator. An example of the gating signals are gtven 
below. We assume a frame of 5 time-slots (i.e., N=5) and in a particular frame, nme-slots #2 
and #4 are assigned to this node. 

Figure 63 shows the block diagram of the Rx Formatter. Its functions are: 
0 (a) To detect and establish the received Bursts Sync via detecting Unique Word Mark. 
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search mode, a,, data are considered, therefore false alam, (i.e., reference UW is no, 

some data pattern looks identical) may happen often. To inwove the performance, we only 

declare a UW detected if the pattern is 100% identical. 

, On the other hand, in the trading mode, the node already knew the vicinity of the UW, henc 
4. control signal provide, oriyanarrow window for UW detection in order to reduce the 
false detection probability. In the tracking mode, a partem of L bits is declared to be a UW if 
there are M<L identical bits. M<L to cover the case of bits in error dae to noise. We need a 

short analysis to determine M, L. 

o 2 Transport (MAC & Upper Layer) Intelligence - QoS Transfer Technology 
The UniNet™ new architecture for Per-Request Fast Circuit-switched network architecture » 
discussed the following subsections. UniNet™ is an effort to deliverahigh capacity network 
with packet/circuit switched transport with an integrated service environment, as ulustrated on 

15 -figure 02. 

2.2.1 Protocols Transfer Environment : Protocol Sync Circuit Switching Tech 
A. Brief Summary of Services problems 

20 Standard Internet Protocol (Abased networks provide "best effort" data delivery by default 
Best^ffort IP allows the complexity to stay in the end-hosts, so the network can remarn 
relatively simple [e2e]. This scales well, as evidenced by the ability of the Internet to support 
its phenomenal growth. As more hosts are connected, network service demands eventually 
exceed capacity, but service is not denied. Instead it degrades gracefully. Although the 
25 resulting variability in delivery delays (jitter) and packet loss do not adversely affect typ.cal 
Internet applications-email, file transfer and Web applications- other applications cannot 
adapt to inconsistent service levels. Delivery delays cause problems for applications wrth 
real-time requirements, such as those that deliver multimedia, the most demanding of whrch 
are two-way applications like telephony. 
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